Interline Power Flow Controller (IPFC) is one of seriesseries controlled Flexible Alternating Current Transmission System (FACTS) devices, which has the capability of controlling the power flow in multi transmission lines. In this paper, Power Injection Model (PIM) is proposed by using voltage source converters (VSCs). The proposed model is incorporated in Newton-Raphson (NR) power flow solution method and analyzed with a MATLAB program. A study on variation of power flow, bus voltages in all transmission lines and buses for different values of IPFC parameters has been carried out on standard 2 machine 5 bus system.
INTRODUCTION
Recent power systems are undergoing a profound transformation in the form of restructuring. Many private power companies have entered in to the power industry. This has resulted in complicated operation and control of large interconnected grid systems. In this changing scenario, the primary challenge for power engineers is to efficiently control the active and reactive power flows in a specific transmission line or the corridor due to dynamically changing inter grid transactions. Control of power flows should be achieved without generation rescheduling or topological changes in order to enhance the power system performance [1] . Flexible AC Transmission systems (FACTS) controllers are proved to be very useful in achieving the control of power flows without disturbing the generation scheduling or topological changes and in addition these devices will also enhance the secured operation of power systems [2] [3] [4] [5] .
Among the family of FACTS controllers, the IPFC is emerged as the most comprehensive device as it is capable of providing simultaneous control of active and reactive power flow in multi-transmission lines. For the past one decade the research in FACTS area is primarily focused on IPFC. The IPFC provides the facility for independently controllable reactive (series) compensation of each individual line and to directly transfer or exchange real power between the compensated lines [6] . The three basic attributes of the converter-based technology is superior operating and performance characteristics, functional convertibility, and system operational adaptability and expandability, which is to solve the transmission problems economically [7] . The modeling of IPFC has been proposed in [8] using voltage source converters. The importance of modeling FACTS devices in the deregulated power system has been given in [9] .
The rest of the paper is organized as follows: Section 2 introduces the proposed model of IPFC. Section 3 explains the algorithm incorporating IPFC in the given power system. Section 4 deals with the case study and results of the proposed algorithm. Finally, the conclusion is presented in section 5.
MODELING OF INTERLINE POWER FLOW CONTROLLER
This section explains about the basic power flow equations and the modeling of IPFC to incorporate in NR load flow solution.
Basic Power Flow Equations
The basic power flow equations [10] 
Modeling of Interline Power Flow Controller
The basic modeling of FACTS devices can be done in two ways [1] .
The new method of IPFC model has been developed with the help of VSC by using two SSSCs. The effect of current source and susceptance can be modeled by injected powers at buses , , .
The injected apparent power at bus ' ' is given as Rewriting equation (7) we get equation (8) From equation (8) separating injected active and reactive power, we get
The injected apparent power at bus ' ' is given as Rewriting equation (11) we get equation (12)
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From equation (12) separating injected active and reactive power, we get
The injected apparent power at bus ' ' is given as
Rewriting equation (15) we get equation (16) From equation (16) separating injected active and reactive power, we get
The injected powers are used for rewriting the Jacobian matrix used in Newton-Raphson power flow method.
The modified Jacobian matrix is given below
PROPOSED ALGORITHM
In this section the proposed algorithm is discussed The steps for power flow solution using NR method after injecting IPFC in the system is as given below:
Step-1: Collect the Load flow data and IPFC data
Step-2: Compute matrix from line data.
Step-3: Set iteration h=0
Step-4: Compute modified active and reactive powers using equations (9), (10), (13), (14), (17), (18).
Step-5: Use the modified Jacobian matrix from equation (19) to compute the active and reactive power mismatch.
Step-6: If the power mismatch is under the tolerable limit, it results in output. Else go to step 7.
Step-7: Compute the change in voltage magnitude and angles using N-R method.
Step-8: Update NR equations by fixing and varying ' ' and ' ' respectively and vice-versa.
Step-9: Set h=h+1, go to step 4.
SIMULATION RESULTS
In order to study the effect of IPFC on bus voltages & Power flows, a case study is conducted on 5-bus system. This system has 2 generator buses and 3 load buses and 7 transmission lines. Bus 1 is considered as slack bus and bus-2 as generator bus and 3, 4, 5 are load buses [11] . IPFC was installed in the system and the effectiveness was analyzed by changing the parameters. 
Case-I: Keeping fixed and varying
In this case, ' ' is kept constant at 0.01 and ' ' is varied from- It is also observed that the variation in voltage magnitude of bus-5 is very less compared to buses 3&4. As bus-4 was the common bus for injecting IPFC in the system, the variation in voltage magnitude of this bus is very high. The active power flow in the transmission lines 3-4, 4-5 are given in figure-7. As varies the variation in active power flow through the transmission line 3-4 is high and =-3.14 to -0.11 radians the active power flow has been transmitted from 3-4 and from =-0.12 to 3.14 radians the active power transfer is in 4-3 direction. The active power variation in 4-5 line is very less compared to 3-4 line and the direction of the power flow remains same in all conditions because of the line impedance in 3-5 is 8-times greater than the line impedance 3-4. As varies the variation in power flow through the transmission line 3-4 is high and from =0 to 2.86, radians the power has transmitted from 3-4 and from = -3.14 to -1.39 and = 1.985 to 3.14 radians the power flow has been transmitted from 3-4 and = -1.39 to 1.984 radians, the reactive power flow is in 4-3 direction. The direction of reactive power flow is in 4-5 as varies from -1.39 to 3.14 radians and the reversal of the reactive power occurs for a small change in the value of i.e., =-3.14 to -1.38. When r=0.1. so, whenever there is a need in improving voltage at the required bus, variation of this parameter by fixing will be more effective. 
As is varied from
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